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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an EL pixel driving circuit which 
operates in stages that comprise a programming stage and a reproduction stage. 
SOLUTION: The EL pixel driving circuit comprises a plurality of current paths 
each of which passes through the circuit, a current driven element, a transistor 
connected so as operatively to control the current supplied to the element, a 
capacitor connected for storing an operating voltage of the transistor during the 
programming stage, and switching means which control the current paths, and 
the arrangement is such that one of the current paths does not include the 
element. No current is applied to the current driven element by the current 
controlling transistor during the programming stage and thus the overall power 
consumption is reduced. Furthermore, the circuit can be operated from a normal 
supply voltage rather than requiring a high bias voltage. During the programming 
stage, the circuit uses a current sink rather than a current source. 
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(54) [stm<o4im} 



(57) 

*a3i§-r^^^iO«vji[M8Si:, mid* 



(2) M2 003 - 2 2 049 (P2003 - 2ch) : A ) 



[liiR^ 1 ] 5 >^'"Xt— (programming 

stage) Rt/'jy°n^^ y:^r—i^ (reproduction 

stage) ^^■ti>:^'r-i^'t,zt3\,^xmif-t^mmmmx' 

Z<Dm!^m^ (the arrangement) Tti, HfiiamjJiB^SS 
[W*iB2] EL (aik^ ha;P5^ y-bi^X) 

mmm ^zmm-t^ <mmt^tifzh^y 'jx ^ t , 

m&^mm-htz)sbi<zWa^fii-z^MM=Ft . 

Huier ny'y^y yxn— -J^cowwf-^ \z , fjie h 5 > 
'J ro r ^ 3 yxr—'>'t^cr,Wii¥t^iz , iyfe h 5 > i^" 
mim 1 x>f mriero^^ 5 yyxT—i^ 

m}±immi-^fzMzmm^tirz^MmT-t . 

xi'^X/mM^^^-^ htJji'S.^^yizyxm^^MM-th 

m^imKi±t^'±im2cr>x^ /f-^sk , 



ifiiyy:^^bMt^Xz>(,zmU^tiX\>^h:ib^nmb 
-Ti-liEiftlllSS^ 

ti^'ixs.vAzmiLLfzmmm^izx Kimm^ti^zb ^ 
^mb^^fmms^. 

I mmn 5 ] if jRia i nmim^n 4 ^^titHzum 

~=Jt\ilzmBh^yi^X9i:y^:^-Vbtxmi¥^-^ 

:h^<^urx(b[as)-t^xdi,zmm^tirzm3(7)x^ 
y^^fi^^-tumm^. 

1 11*11 6 ] msm 5 (ciestcofgiftEggtc t5\,^x. m 

[ nmn 1 1 5 iztm<7)mmmmzi3\, ^x . m 

lemscox^ -y^^mi. Btriemicox^ ■y-f-^^i^m 
uv^yjx'^criy-h izmm-t hzbiw<ssib-t^m 

[ m^^s ] m^m 2jbm7co\, ^^ixi)HzmL(^m} 

mmzn ^^x. mi v^yiyx-^b M?iJi;ie Jn^T) h^y 
'Jx^miU^ix, jEJdx-^ -y^^fH^m^h^yVx 

^m/mtmn hxy i-'x^comijco h y^irmm 

<^y-v^zm^^Kx\^hzb-^%mb^hmm^. 
\wm.9\ mim.^\,zim.cmmmmzi6\^x . ^ 

X ^ * L . #je jn h 5 > i^" X RjIWmx -i -y^ f S 

iifia:cr)^tC (as aforesaid) mm^tl, mMmnX^ 
■y ^zm.mzmm^ttX \.^hZb ir'^mb-t 

umm 1 0 ] 9tn-ri>^imim\'^rriMzis.^cr) 
mm\Bimzi5K^x , mtmrnii. ^ui^^jaymmhx 
y'jx9^mK^x^^tLX\>^hzb^nwib-r^m} 

II1S«« 

[ imm 11] x.u9hxi>us.^^-y-t yxmT'\<nm 
m.m^^^mm^^:fjmx'h x . 

y'uy^ S yyx'r—i^f^iiZ^ HalBxixi? Va;i/5^- y 

mm^mm-t^i^mxh -> x , 
tz'm^mi^mk-thx^yrb . 

■ytyxmWMi&-thm^mim^i-i>X7-'yy-b 
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I m^m 1 3 ] 1 nmimm i o t ^-rtiMz 

[ 1 4 ] iisRiI 1 3 tcieK<7;.x U^hajl-i^^ 

[ imm 1 6 ] it*iB 1 nm i o ^x^H-iettco 
mcommh'7y=Jxi^Thtzt^nwLt^i>mm^ 

[ tmm 2 0 ] i»*Ji 1 8 xmmm 1 9 t ^-r 
iztmcoisi^xh-ox. ^i^i,z, mtmimmmi^izm 

ik^tL^m^^Pm-t^tzi^(7)hyyi^X^i:^'t6@ 

[ tmm 2 1 ] imm 2 0 izMmcommza \,^x.m 
ieis2c7)«»Eiggs(i, z<7)f^2co-m^mi)mMi>zm^ 

[ff^is 2 2 ] »5RiM 2 0 ^ztmcommza^^x , 

feig2c7)«giE^K{i. ^f>lz. Sgl<7)x>f -y^^SSr^r 

[it5)<Ji2 3 ] mmm2 0 icifittosistcfcv^T , m 

fem2c7)«fiSE^Kl±, mih'yy'Jxjfm/. 
X9cr>dib'>-^j:<ti^ — ■)^^-ti>:it^m^h't^m 

[ii*JS2 4] mim2 0(,z%m<r>m^xh-iX. $ 

[|f«Ji2 5 3 it^2 4CIBKc7)|lIBTS)oT, $ 
^ ^z , |tIie«^«IE«!»«^ i: Mie b 7 y X ^ i: iO^ tSE 



^> , frie^ 1 ^x ^ y ^^la t mtmmM=F t c^Paitc 

gSS$ti^^Sg30X>f •yf-^S2rW-r'i>IllS§. 

1 tox ^ y f-^axt^m 2 <7XX -f -y ^^Sti , ^ix 

^-timmmm\tmzx->xmm^rL^ z t ^wmti- 
[ imm 2 8 ] imm 1 8 x«±i*3t<ii 1 9 <7)v ^-rix*> 

b S -y -fe yx*-?T'S)-i> t i:^WLt-t?> 0 

[ 2 9 ] 3mm 2 0 tcifittcoEsstcfev > m 
mhyyi^x^f^iii. p^-^y^-fi-mcommhyy-jx^ 

iimmso] imm2 6izBmcrmmzt6\.^x. m 
mm I. W.2. mfw. 3cr>x^ -y -^^$m . n^^y^^ 
fm<^mm hyyi^'x^xh^zt i^mt^^ nis&o 
umms 1 ] imm2oi,zmmcr)mmzii\^x. m 
ii-m 1 com^mmu miw, 2 a>mifMmi . nm h 9 

y j/x $r -^tf ^ t Sr ^ ^ ^ IslK o 

itmm3 2] mmc^mmt, 
mt, 

^-^mmzj: -ixm^i-ik'^-thmmk'^^fSit 
^^mm^^mmxh-yx . 

H;jie«j}fjgij«^&#t^v^m2 c7)'^3£igffgt srfiii.^ 
[ tmm 3 3 ] mmn 3 2 iztmcommi^'^mm.^^ 

I imm 3 4 ] imm 1 sxtiit^ifl 1 9 ^zim^^m 
mza^^x. mEm2cr)mimmi, nhv^y^^zmm 
^tix\>^^zki:^mti-^m^. 
[fs«ii3 5 ] iS5t<ii2 1 i,ztmcr)\a]mz^\^x . m 
am 2 <^)mi^mmmm.'^y ^ izmu^tix \^^6zt^ 

[i**«3 6 3 mmmm^t . 

t ^mx.rzmn'^mm^^:fimxh->x . 
m'^cnmrnzm-^^ ^x frie vyyi^x^a^y-h ms.^ 

ik'^-t^x^-vri^-th^t^n^t^hl^m. 
[11*113 7] lt*3S3 6(ci6ifetfo::^-ffiT-S)-oT, $ 

>>z , miimmmm'f-^<^m:& & \m-t & xf - -y 

[it*Ji3 8] m^m3 6\,zimcr>:Hm\,zii\^x.m 
mh^yz^x^coy-h ^ m^cr,mm.i,zm':i\ ^x-m 
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[0001] 

u h o;l. = :^-y -fe yxmWiomm ^mWl-t^ fznb 
[0002] 

m^commi Wilxl^^ ho;l^5;t-y-feyx (OE 

Tx'miz^itL, mju rxn:ificr>mMzt t^sr-^T^ 
cr>^imis.timm^-^ , ^-^ < 1 1 1 -:icr)mmnmm^ 

[0 0 0 3] r^T-f y :?XM*«xb^ bn;lx 

^T-Ji . WMmz , 1 BSt-? ii'-^ < i: t 2 oco h ^ 
yiy'X^^<'XimX'^^ (HI ) . Tl«iB*SrjMtRL, 
T2{i. x-^«i±fl^^, *«i|xi.^ha;l.5^-yt 
yXi^^ ( O E L D ) $:^g^<7)»«-C-^3t§-ii--&?'v:a6cO 

ilTV^^l^t #tci±, ¥^^4*^- (storage capacito 
r) CstoragetCf*#:$ix^„ #iaiC{i:. Pf-TV^/l^S 

MV'yyi^T.'S' i:m^^i-zmmz i> iBi t 
[0 0 04] iflsih^yj/x^r-^o^iiimcJi^li** 

X 5'co^*tttzra-r ^raw^w ^> o ^ t-^-th . mm v 
^y'jx9ri-uymmzii\<^xm.i^ mwx^^-t^^ 
<^co — 3{± . <^ xmiza tt i> L -"ffimE A v t <^ 

iBft^On°nS2r«;5rd. ^c75/:;*^, h^y'Jx^nVtcoi,! 
[0 0 0 5] [112 {Cin-ri5lSS{i:, h^Vi/X^ifftS^Otf 



h 0 DJXS^^^Tii: . T 1 m/T 3/p^7X\ T 4 >' 
T-*!.. T4 5:^7tL/::i: ^, T 1 ^it/"T 3 V t 
^0, Rfr^iO (known) 2 tT*«|x 

P^hn;l^5:t-y-feyxig^ (OELD) t^jjith-iitf J: 
o iZX'^ h » T 2cOt#^ V^ttfl:EE*^'^<73T 2 ^- 
H t LXm^LX V ( T 3 >- ) ««-C«$iX, 
C: £7) i: giro ^-5 5 y^mWdi^T l at/T 2 ^itLX^ 
mx.\^9Y\=i>V% -y -fe yxm'?-\,Zx^dt&ts:it i}^'^ 
•S>a C:iX:<)^'7°Oi?''7 5 V^'Xt-— y (programming stag 
e) Xh^. T3(i, T2C0HU-^^S,I/'^^-hroT2r^ 
*&L, T2^r-f?r-F«o:yt®^i:W0#;t-g.. T2-r- 

T2c7)y-hS.t^V-XS^^EHcSiS^^l/c^*S 
TC itc^W^n-So T4*«^y(c:5:l>i:, 4-S{±vdd 

i^zx^wmnm^fi^. ^M^'&.cnmi (slope) 

-3 ^flT* T t , y 7"a y 1^ a >^?I(reproduced 
current) (±7°n ^5 AmSTii: # K'&STib-?)-?. T4 

^^y[z-th^t<^zii T2coKix^ y-y-xral^o 

ixh. m2l<Z^s^ixfz£^V\2 {±. fRa!fl<J-r-*>^T, ig 
[0006] m2^9^ Sy^^A—NT't 2*>^,t 5 

iov^-tii, ai^±. , yro 

y'^i' B yx^—i^ (reproduction stage) (it GtCii 
[0007] 

[^Bfl*^Bi?iLj; ot-thmm\ m2(7mmtmm'^x 

mz. m2(r>mmzi6v^x-mifM^^\^-thi,z\.i, 
m^Wiymzmtx r ::>.m.]±v^\kst^-imxh 

■C;*;^ < -r-S. ^ i: t I. , -f- 3 Wf«l«S3g<7)ic2r 
DAT) 5rro^-7i^-r§*i^-C-i. >-Xx^.^#:tfO«^J 
[0008] *5%BJT-{±, ll2co[BIS§$rji3ii-r-5>^T<75 

I, ^ -p g -r -I. « ^ <7) .1 1 ti^^^m^z )l-^x\ ^mz 

^X'hhMt. \:Xf<rim?Azi. -^X^^hii^\,zti:hX'h 
[0009] 
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^^mm^hx^ y^f-iafc^WL, zcnn^mm. (th 

e arrangement) T'tis BUie*?jSESfi&<0 1 o*« fJieS-?^ 

[00 10] ^mncr>m2cr>mm\,zxix\i. el (xw- 

sR^Sr^L, HirKIUSSii, MISxl^^ h n/l^5 ^-y-fe^ 

<JOX y f-^S , u r n r £^ 3 y X f— i^'tfoiJi^'t^ 
B#tc: , Suie h^yiyX9Rt/ iuiex 1^ h o ;U 5 ;t- y -b 

^^St^WL. HiflBSSlx-f y^^SJi, BuiErnjJ^ 

•y -t y xS-f ^riiiS L^v^ J; ^ ixt V ^-5> ; i: i: 

[00 11] :^^m(^m3<r)mmizxixi,£. ho 

)U 5 ^- y -b yx^KcTjjiiSSrlEKj-ri.^viii^'OlEKjieiSST- 
^b-oT. MidiB*{ixi^^ ho;l^5:t-/-byx^^Sr* 
L, BuiSHgSfi. friexb^ ho;!, 5;t-y-b>'X«^tc: 

xyi^xi^^mm-t^mimm^^t^-thmicox-^ 

•yf-#Si:, Vyur9'>3yXy^-i^'<p(r)mifmz. 
mii V'yy'JX9 ^.t^lulEx V9V n;U 5 ^-y -b > X* 
i^Sriijif $-ii:l-m2^ox^ -yf-^S 
i;, Wim.l^y9 (current sink) tSr^L, MIS^lcT) 
x-f .y ^^Sti. fnaro^? 5 :^i5^xr-i^'4'c7)«?Ti 
^S§*'' mi IE N^>i^X^'5:^LT fi KBm?]^ i-- >- 7 ^ ^ ii 
C I. J; 3 tCjggS^ iX-C V ^1, ^ t $:^t® h -r SiEIJj[llg&*> 

[0012] ■^wfi(^w.A(nmmxz^tL\t. xi^^? ho 

;l^S ■y-b> xm^^<7)l:»r,«**5:$iJtW-r.|>:^ffiT-^)'> 
7°n;7'7 5>'7'X-r->'4'{c:, huIExl-:? ho/P5 

■/ -b yx*?-^ Ji)a L=SrV ^m»iEigK^«ttt--S. Xf y 
Tfc, U7°nri?i^a >X7^— i^'tflc. frlBxP^ho 

S .y -fe >'X*^ $r ji3S-r ■S>«»ii^!S Sr«flt-r -g> Xx 

[0013] 3)s%BJ3com5(7)tt®(CJ:ii{J\ XP^? ho 
;P S ^-y -b >^X*i^/v<7)l:»iL«*^^$lJffll-r o 



^iXT^cmaSSS^rt^flt-^^ y T t , U Tori? a 
yxr— i^'fft:, frgexl^^!' ho;P5^- y-byx*^^$: 

a5§-r.§.«»i^K2:*itt-^-g.xT^ y ^^^h->jmt- 

[0014] *fgBj!wlS6c7)««tc J:ixa\ Huid*^Hj 
coll 1 *»^,m3oa6®c7)V^-rix*H;f*i>IEBIlI88$r 1 -:> 
XI±2oty.±il;i^^xh'^ hoyl^S^-.-y-byXT^^xr 

[0015] *?&BgO|g7c7)«®tciix{f , 2|s:^aH(50fr 

leSg 6 COSMIC fi-S. X h 5 ^-y -b yxf ^ xr 

[0017] 3|s:f6B^i7)m9c7)«ffit:J;iXtf, mfjfiWElUS 

h-^x. wrm<r>'mM(,zm':^^^xmih^y=Jx9c^y~ 

[0018] 4^^mz Xii.lt ^ y'n^'y 5 ^^'X-r-i-' 

ha/hS^- y-byx^BTii, Zcr,x.V9 hxiil 
S 7-y -b y X^WtC J; -5 T ^^i^ $ ^1 -i> BftcOWS: tR'Sr o 

BflT-fi . r o ^7 5 y ^'Xt-- yjit/" U V'n 991^ ay 

x^-iy{.zii\^x . mL\^mw:^\^^ixxmmMizYc 

h-^;i^^miiM«^<£M$-y:l.^(»*^t*-r-i.» 
y'nyy^yyx7—'J{>zi5\>^x^ w^x^:?ho 

.y -fe yxm^^m^'t^Wi^dfimirix.\t, my 
y^yyx^-'j^i.^ mmzm\'^ ^^hzt *^"t-^ 

tc^tc^^f. :i<^Xoti:m^X't,i. ^Ilxix^ho 
;^*^^.y-b>-X^^c/)^:4.§M (parasitic capacitanc 
e) {cJ:0?l#e^$^iS<SiS^l:^l»±-t4.Ci;*-'-C'# 
^ii^^Xhh. 
[00 19] 
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[0020] *^Bitfo^ 1 commmm^zm^mmnmm 

Sg&(a3t::^-r» h9>-v'':^^T2(i, ho 
5 ^ -y -b yx*^ ( O E L D ) ^OSEIftmSSrW^^-r 

^ T 2 toy- h &j/'y-xcorB^tctg«s$ ixT . 02 

tch9yi^"X:?T2Srmi«i^>-^'^i:«^-^--S« 
■fe'nTJ)-l.o H3iOl5IS|(cfcv-i-C, h^yi^X:$'T2<:0 

^ . h ^ y i^'X T 1 CO V — X{i h ^ y i^'X T 2 CO y 

^^z^m^tlX^^h T 1 i:T3cr)y-hWi, roi?-' 
9 5 > ^miE V p *sfirijD $ . 7-n 7" 5 5 > 7— 

(OELD) tC^^LTV^I,. TO^-5 5y^Xf— 

[00 2 1 ] ll3iOIlISg(±, ro^/^SV^XT^-v-' 
dp, TAt^^yx, T YmfT3ti^:^y(nimrcmw-r 
^>c0^mcOT3{±, T2&y^:t-Ki: Lttllf^ 

h ^ >- i^'x T 2 oy- h - y -xra«ffi(c)E t T #1: 

^O^SS, UTnr^'>-H>X5'-y4't3W«x^ 
h o;l. = y -fe > X«^^iOmi«*&S:$Wt-.|> C t 
tC^S«l± (VGS2. -f-:7tt»ElDAT(cm) ^rSS-T 
S„ rD>!^^S>^^X-f—i^'i7)i^TB#tc;. TlS.tXT3 

i^-t^fzubco^^^rxmmimZifi'^Kc^K 0. 0 
3lcio«t-?.f**&S;JI (VDD) (i, T2&l/W«xb^h 
n;PS^^-x-byx*i^lcJ; Oi^^^n. mvjiljlgcom:'!^ 

m±Tij, m^iHz. m2<r>mmi>zi5\,^x<mk^j:t± 

[0 0 2 2] T4*>:t7c7):|m:S)'S.roi/7 5yi/X 
7^->^Wmt::ti, T^AWxSrffltTiSm^ixS'ff^^ 



D) ti^^-t. C lc7)#fl:j^S{i;, rn^"5 5 Vi^'XT^- 
i^tCA-A^-SBtPalSr^^-t^ . ^^mcommmmc^mmz 

^cr,fzisbmmi>m^izKmt,z'i7i:>irh . -e^ois*, t2 

[002 3] c l*i#mSixTT3Ai'jr7tc=5r-5/::f^, 

ens D $ ^ Lfc ^ ^ ;t ^ C73-C- , T 3 CO^J- 7 ffiJJi 

*iMgtC^S;i:*iJ>^„ ^cotzib, T3cr>y-h-V 
-XPp1§J|{±, C HCj:t«^LT/h$l.^^t//M^Lt^„ 
[0024] Vy'uy::^i^3yms^VR^±. Vyy-J:^ 
^'T4toy-hCEpjD§fL-l>« [l3c0igS§tCfc(t^, U 
roi5'"i? 3 >xf— i^co^mtcti, T4 {i5l-yc-$> 
0, T\mfT3\,t:^y<nt.t.X'hh. ^£7)^m, T2 
(i, C He J; 0'<-f rx$^'L/iVGS2(c J; t 

«*&-r-?>« 'jT^y^ y x7--'jcriii^ rmzii, t 

4«±5r7tc$fL, TlSi;;T3{±5f7c7)t*i:i:-^-&» 
Ji, ll3C*$ixTUS, 

[ 0 0 2 5 ] E34(i, 2(s:^BH^C^^i.||2cO||^tjlF^®5:i^^ 

Ltv^-?., [a4£7)[Miif§{i, hyyi>'x^T3a)mmmm 

Ai|13c7)[5lS&t|5;^-,rv>^. ll4cO[B]gST'{i:, Tl{± 

T3coFU'-<y-y-x^sgSrgifrc 1 izmmt^ti 

3 /^>«?Igf^±(cf5g LT V ^ 1 1 ^ '3 *Tia 3 cO0S# 

2 (7)mtmmim 1 <r)mmmt ntx-hh. 

[0026] I1I5{±, r^'T-'f u •/^'xxVxr 

ji. mA^zm^tlfzmmz■^h^txmm^tlx\^t . m 

^n^ixx^^h. zc^mmiT^^i^^y-^h'J^xmcoij 

cr>^<r)x\ mt'ii (row) commit. mmzmtK^ix 

cr>fz>!b, T3coy— Xffi^^{iH^cO?iJ (column) (ej;-? 
tt>, T3(r>wnMmiiWL'Hzf{ix.h'&Wifihh. Titc 

V/Pf-y— hX b ^y'f-A- (multi-gate structure) 

^ffiffl-r ^ ^ t J: ''J . «iii{c«fL«fiiE^*;/jMt:^^ z 

bti<X-^i>. ■V/Pf-y-hXh^^'f-rtCjni.-C. LD 

'^hztt'^x-^h. 

[0 02 7]ia6<±. hh^Wi^i^U^ VU)Vii^--viLy 

xm^mmzin'thmm^mn(rymmmim-tm. 

mmmmxhh. netcjov^-c, 32i±iEfLaA 

JiSr^L, 3 3(±WM-X^i? No;l/5;t-yfeyx 



(7) W2 003-22049 (P200 3- 2ch8iHi 



^'3fl:S[PIKb^>'>''X:$' (current thin film transist 

or) 1 2 2tC(i:, MnS'^m^mmh ^ yi^'X^m^B-f 

y— h X h ^ f-^ ( top-gate structure ) -S^ftiSSiS 
tmR 6 0 0 SlJlTc7)Sg3t:^S=5: i: «^ . iSiS'-K 'J U 3 

[0028] iES ( forward oriented ) W«X^ ^ Yxn 

■/-b>'XT>XTl- -f 1 3 1(±. T/L 5— 
AM|ii*«ffill5, I TO^^cO^^^[6]■r■l.«:®l 1 6, 
lETLft Ail 13 2. S,l>'^rflSx k h n/l^ 5 ;f ••/ -fe >'X 
Bl 3 3*^A,«)3c$*ll.« jEa*«xp;7 ho;us^^-y 

-b^xx-f xrp-f 1 3 itcfct^r, <r«xu^'h 

n/U 5 ^- y -fe >X 7-' ^ X^-l^ ^aomfIC0[6] 1= {J , I 
[00 29] iHd?±A« 1 3 2 AtN'W^xP^ ho/l-* 

r^ijffl Loo, y ^ -/ h j^:EP^:^}£t; J; offM-r 

[0030] *^HBS:fflv^i^c-f' -f xy°U-iJ-<^^>Uiki^co 

mm.m^u-(T^h^m7izm^mz^fk^, zcr,^^:^^;^ 

i; ^X^.W«X^^ ho;P$^-y-b>X^^2 0 
0. \^^)Vi^yifi^-t^—m\L (integrated) ffl^h 
^yi>"X^^^K7 ^'^2 1 0, 7L-Jri^7'/UTAB7^ 
— 7°2 2 0, #:'fbRAM/rJ>'Nn-^7 (integr 

ated RAM/controller) f'i-#i'f-gPT^D:?'H7'f vs'L S 
I 2 3 0;!)-<->ffi)S;§;fi.|,. t **BB2rfiJ 

[00 3 1] fl-JSxi^^ hu;l.5^-yfe>^Xx-fX7°P 

[0032] 0iJi.{fll3OIIlgS5r#Bi-r.S t . *^BflT- 
{iT-- ^ mmm^ ( ^ <7)«T'«i*«tx u h o/l- 5 ^- y 

^^^^■thXdi,ziim.-th:iti]-X'^h. ^coXotc 

9 ;xyx ^ T 5 &t>'3iEjQtox^ ••/ h 7 



hyyi^x^Tec:>\iU^ y tW.mzmi^^ixXii'O , 

Tea)V—Xl,ihyy'JX^T2, T3, RZ/T4c/)^ 

mmmi^jinzmu^tix\,^i,. v^y-jx^Tecny- 

h\thyy=Jx9TAa:>y-h\,z mm ^tiX^^i>. h ^ 

y =JX^T2 iOWtt^^W// L -CJ) "9 , h 5 > i^'X ^J' T 5 
<7)#tt*^' (N-1 ) w/Li;>Sr'i>J;dtCjMtK§ix-l>i:fS 

I out=IinXN 

Iin{i««ri>-y^' S:?)ri/l.|.«yiE. •r^;b*>ll3&t^ia4 

>x*^^?irL^t-i.fl:i$T*)i>„ -fcofc*^, m8(7^m^^ 
mm-t^t. m3Ru-m4c^m^t]tmLx . ^mx.u 

l^hxufUi -y -fe y x*^ 5r3i3ili-ri>l:?jri{i^ L < 

mm^m-ri>. imcom^i&m^-^t^zt^zx 
0 , mm-7 h u :5'x2raj@-rsr8ii;5%^-r?.fEj*«^* 

xtvaj ^^^)uzm L X m^^zmmxh h « 

[0033] i,*>>!)^, )EjD<7)h ^>i^'X^T5S.t/"T 
9t (A, B^t'-C-) ^?:-rJ;^tC, K^lJJtM^n, ^f\. 

y>''Xi?T6tcJ;'>-C, *-tixUi?ho;i^s^-yfeyx 

s« 

[0 0 34] 03 7^^091;;^ LTtHIKKi. 

X'^xhh, 

[003 5 ] *%0fl{i, fll^^iS, CD 

[00 36] ±a5c7):§-^Xbi7 bo;U5;t-yt>-Xx^ 
X ri^ SIB ^ ffiffl L fc«Ttit5 (CO t Wyt)-\:XT^z 

[0037] <1 : )V^y\^ 3.-^> ^Lyl^cmmik 

mM<^o-hcr)i')izxhy'^ xyu^mw.^mmtfz'e 

, ^•_ y 3 y b° i - ^ V J^CtCfKHg-r 

[ 0 0 3 8 ] lai Oa, :L(Ty)%—^/^}Vny\::a. — 9<7^ 

mm^-t^n\mmxhh. m^. n-vi-}v^y\^ 

1 0 0{±, ^-.-K-Hl 1 0 2 5r#t?**l 1 

04 , RZ/f ^ XTU i SL-y h 1 1 Oe^itmt^. Z 
cor-'^ XT]y^jL=.-y hi 1 0 6{i, ^^mizj:K)mm. 

^tifz^' ^ xy°u-( ^t^)i-^m\>^x±^cr,mi,zmm^ix 
[ 0 0 3 9 ] < 2 : m^mM>ix^z^ tmmmcoT ^ x 
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tft'f'^^- 1 2 0 2. Xb°— 1204, -7-f;?120 
6, at/7^'-fX7°b^^N°^^;H 0 0 5rfjii.S<, .TCO-rV 

[004 0] <3 : 7^i^;5';l^^f-;P>!7P<5><Wc, 

HI 2l±ZC0¥'J^llX^Jl:^?(y<7)mfS.. 

[004 1] asm^ t«'5:#:c^7t^iam$r 7 -f 
/P/.{3iS5te$-»i-&*^\ 'f-J'?^)VX^)V^^'y 13 0 0 
{i, «<tte-&*^^ (CCD) ^fflVAT3fe«^m 

<nr'J^)VX^)Vii^=7l 3 00{t. tr-xi 302(r> 
f^ffiic , C C D /i, coSft fi ^l- (CS-J' t= ^ 3 
XU-^ hn/l^S^-y-bVXSI^ 1 OOJrffii.-S. -^-^O/^ 

■I. 7 r ^ yy~t Lxmmth . >xm/c c d 

b (photo acceptance unit) 1 3 

0 4*^', ^-x 1 3 0 2iOHiriS mioik:f}) izmh-ox 

[0042] jtiJ**>*»x ^ h 5 ^r >-;^l^ 
^>'N"^^;H 0 0tc^:^$ix/^M^f!(slift2r;y?^L, i^^ 
•/ ^Ift-rS C C D*»^,OM«m^**"f5iM$^l. 

ms%mm i 3 0 8i*ic7);<t u t'»#§ixs» aco^i^i^ 

)VX^)V^ ?t. yl 3 0 0 1{±, -y—X 1 3 0 2t0fIlJ®tC 

t x:tfi-§-aj:'ii«^i 3 1 2Rx/^-9mimxiii:niQ 
^ 1 3 1 4*^iS(t'^ixTv^i>. iats^§ix-rt^i.j;a 

IC, il2>St-^EtT , TV^:::^^? 1 4 3 ORt/>-^-Vi~>l 
ayx::^-^ 14 4 0 5:. ^ix-^ti. f T^ft-^Jig^ 1 
3 1 2&t/Aai:'l«^^l 3 1 4(cg^i^-f-|.o p;r^iOi*fl5 

II J: 0 . 1 3 0 8cr,?<^<ji,zm^^rifzmmm 

TV^:- 1 4 3 0&1/Vn°— y-^;k3yb°jL — 

1 44 0^«0aJ:^li;^-l), 

[004 3] HI ot^^L7'j:>'N— y:^;^3>'t•JL-^, 

HI Ic^fil^miS. S,V[ai 2«^:/;5';l^x-f-;l.*^^ 

'^xt-m.. m'r-y h^>i- i^mmW:) . m^y-h, m 

P O S St^:?■yf•>'^";^.;^^t#T^>'^■^ 
A^^ff ^>^1^ . *|^, Jr.j^cOWlSx \y^ha>Ui^^ 

-/■\iyxmm.liZtie,<7)m^Wi^(^y''^xy'U-(^^lz 

[0 044] ^^m<^mmmmi, X7v>f jl- v 



hmznim-ri ^ t hsjmx'hh. 
[0045] mm(7)m.mxu. ^^mcommmmim^ 
c^^^xru^mm^mt LxnmLfz. ^^e^c^mm 

ii\ ^MffifilRAM, ^S-ty-tf (capacitance sense 
r) , 'VM-i^y-*T (charge sensor) , DNA-ty-^-, 

[ 0 0 4 6 ] H 1 3{±, ^^m^ommmmmnRAM 

^^OiEfflSr^LTV^^. HI 3XU. M^'^-y Vi:Vf^ 

[ 0 0 4 7 ] H 1 4 ^^mc^^mms^com^mm 

#MH-c\ mm.ui^'xif^n'^MRx-^ix\'^h. 
[ 0 0 4 8 ] H 1 5 {± , ^^m<omW)m^cr>^i-^ y 

Xti'€?t-ir>'-9-^«i£ffl^7FLTV''^. HI 5T- 
(±. -b>^XSJL^^^ (sense capacitor) $-^f^C. sense 

x'^tx'^^^. mi 5<7)mmi. *§*x-b>'-^^DNA^ 
[ 0 0 4 9 ] H 1 6 {± . ^^mcrmmmcoBm^y^ ^ x 

^comm^^^LX^^i,. HI 6f (±, 3t:fE##;5rW^K 

[00 50] }Lmcnm'&^tLfzmmzii\,~^x^^^ixfzm 
x^btx^<^tifz. z(r>ztii:^^m(7)m^mmmx- 
^wm^^sLfzi.<r)Xh6. HI icom^X'ii. ^mh 

xyi^X^ip^^ry:^^)Vm.(r>tt.tLfz\:X9\■. nf-v 
y^^)\^m.<r)Vyy'Jx9^^mLx^^h. 

[005 1 ] H3;6-A>H1 etXizmLXmn^ixtzm 
[Hffi«ffi*=5:ljiBB] 

[HI] 2mr>vyy=jx^im.mLfz, m.^<r>^m 

[H2] L^i-^fi«ffiffiMiitg^^t-.i., 'jkWy'mk 

[ H 3 ] :^mmw, 1 coni&jg® i !> mm%mmu 
[ H 4 ] *^H«o3s 2 (r)mmmf.z x h mmmm^n 

^TT^LX^-^h, 

[H5] ij ■y;?X«T>XrL-^(Cfctt-i>1tiitcO 

HfR^r^fCt^l.. #iil*ti:H4iOIllKSrfi6ffltTV^ 

[ H 6 ] ^m^m-Mmmm^z i ^ *^x p ? h o;i^ 

S ^-y -b X*i^Jit/li«IBljiIIISS^O||^«® $r^-r^ 
[H7] *J&B^l:<J;4^-^x^^ hn;P5^-y-byx 
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[09] *^HBtci: hm%mmmkm'\<r>%wm^ 

[012] *5|BflcoiH^IEi()Ii]ffS^W-f s X ^ xri- 

[014] *5&BjoiEi!jIII!f|<OJaSv®ei*i^^iOJCffl 
[015] *^B3co?B»|lIS§co^»-fe y Hf X{±«^-t 

[016] ^wmwmmn<^^m] ^ ^'^<r>%m ^ 
[017] 04 (rmmm'Bm<^wm^f&mzJr. 



[??-^<7)iMBB] 

Tl. T2. T3, T4 



CI S«SS 

VP rn?^'5Afl;JEE 

VDD «*^«1± 

IDD x-^J'fl:?)^ 

VR yTn^^^3>«ff 

1 3 2 IE?LaA« 

133 ha;l^S^-/-fe>-xa 

15 1 ffitJi 

121 y-fv^jIMh^^i/x^ 

1 2 2 n^-v>-7-yUMmijFij¥^h 9 VvX^ 
131 fl"llxixi7 hnyUS^-y-feyxr -fX^V-f 

115, 116 B«affi 

20 0 r^f-'r7"vh'J^XM*«|xp^hn;l.5 

210 mmy'yv'Jy^^:^^^y-vyY'7Af'^ 

2 20 7Udfi'7'VPTABx— r 
2 30 J'hgBr->-n7>'7^ A" 
1100 y\°-V-^;P3>-fi — ^J' 

1 2 0 0 fli^mis 

13 0 0 'fi^9)VX^)Vijyf. =y 



[01] 



[023 



^Storaoa^ 



Ti 

T r 



1- 



2 



0£LD 




v. 



[113] 



[04] 




r-Tii 



Vmd 




H 1 . . 

k U la li ti b b 



11 



b C « « L II % 
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[013] 

[1114] 




mi 5] 
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[HIT] 



1 1 I 



Imt j l 



[01 6] 



T2 




T5 
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II i§ Hfl «fl « ] 
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3. A driver circuit fcr driMnp a pixel cf an (lectrcluminescetit de 
vice, the pixel including an e ] e c t r c I um i d < s c « d t elemcDt and the ci^c^it 
ccmprising; a trinsistcr connected sc as cperativclj tc centre) tke curr 
ent supplied to the e I e c t r c 1 un i o e s c e n t elcmenl, a capacllor cDDaecled fo 
r stcrinf an cperatinj vcltagt cf the transistor duriag a picgrammLjig st 
age, a firgt switching means ccooected sc as tc establish ^hcD operatiTe 

a current path thrcngh the traosistor during the prcgramming stage, a s 
eccrd svitching means ccnnected sc as to establish when cperatlve a carr 
eiii path tfercugh the transistcr and the e 1 ec t r o 1 ami c e s c en t element (f u r i d 
g 3 Teprcdiictica stage, and a carreat sink, t&e first Sffllchi&g meaas be 
ing connected stcli that the current path daring the prcgra raining Stage is 

thrcugh the transistor tc the current sink. 

4. A drivpi circuit as claimed In claim 2 or 3, wherein the fiist a 
nd seccnd switcfeiag meats are centre lied bv respective coDtrcl signals s 
cparate frcm each ether. 

5. A driver circuit as claimed in anr cf claims 1 tc 4, further ccra 
prising a third svitchiGg means, the third switchiE^ means being ccddccI 
ed tc bias the transistor tc act as a diode during the prograramiag stage 

6. A driver circuit as claimed in claim 5. wherein the third switch 
ing means cciinects the first switching means tc the scBrcc/drain curient 

path of the transistor. 

7. A driver circuit as claimed in claim 5. vherein the third svitcb 
ing means connects the first Sivitchiag means ic the gale cf ibe liaaslsl 
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S c r c 1 


aim 19, f 


D r 1 h 6 r 


c Gmp r i 5 i 



Qg a transistor fcr ccBticllinf a current supplied to the cnrrcflt driven 
e 1 emet t . 
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2] . The circuit accnrding to claim 20, wlieiein the second current p 
ath is dispcsed sc that the seccnd currfnt path is enabled tc be conQcct 
cd tc a power scdtcc. 

22. The circuit acccrdiog tc claim 20, wherein the seccnd cujrent p 
atli further includes z first switching Tceans, 

23. The circuit acccrdini; tc claim 20. vheicin the sccctd current p 
ath includes at least one cf the traosistci and aoctiier transisici that 
determines a current flcwing thrcnght tfce tranfistcr. 

24. The circuit according rc claim 20, further comprising a capacit 
or cconected tc a gate of the tiansistcr. 

25. The circuit according tc claim 24, further ccmprisirg a secccd 
STFitching mean? disposed between the cirrenl driven element and the tran 
sister. 

26. The ciiccit acccrding tc claim 25. further conprisicff a third s 
witching means dispojed between the first switching means and the capaci 
tc r , 

27. The circiit acccrding to claim 25. wherein the first switching 
means and the second switching means ate ccntrclted h7 respective centre 
1 signals separated frcm each ether. 

28- The circuit according to claim 18 cr claim 19. wherein the curr 
ect driven element is an organic c I e c t r c 1 urn i n c s c c n t element. 
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2?. Th€ circuit acccrding to clilm 20, i^hereiD the t tide is Lor is a 
p-chaEGcI tbin film traosistor. 

30. The ciicdit accordiog lo claim 26, wherein the first, the seccn 
d. and the third switching meaos are D-chaniel thin film t r a n s I s t c r s . 

31. The circnt according tc claini 20, whereiB the first current pa 
th and the second cirrent path incJiding the traasistor 

3 2. An e I c c t r 0 - c p t i c a J device laving a p 1 ii t a I i t y of pixels a d d at I 
east one pixel cemprisiDjf g circuit *-ith a current driven cicracat and a 
CuircDt deteiniining means for d c t c im i b i n g a cnrreni according to a data 
signal, the circuit providing a first carrcnt path inclndiog the carreni 
driven element and a seccnd current path net incUding the current drit 
en element. 

33. An electronic apparatas iQcluding the electfc-opiicai device ac 
cerding tc claim 'J 2. 

U. The circuit acccrdiug tc claim 18 cr claim 19, vhcicin the secc 
nd current path is c c c n e c t e d lo a current sink. 

35. The circuit according in claini 21, wherein the sccdod cirrent p 
a t h is connected to a current sink. 

36. A methcd for driving a circjit ccmprising a current driven e I en 
e 11 1 and a transistor that controls a current supplied t c the current d r i 
veo elcniCDt, ccmpTising a step cf determining a gate volligc of the t r a u 



sistur based cn a predetermined current. 

n. The inethcd according to claim 36, [nrtbcr ccraprising a step of 
supplying a current to the current drii'en element. 

38. The methcd according to claim 36, whereio no current is sup p lie 
d tc the current driven element during the step cl detcrnining a gate tc 
Itage of the transistor based on a p r e d e t c rm I c c d ccricnt. 
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3. Detailed Description cf Invecticn 

The present invention relates, inter alia, to a driver circuit. One p 
articalai applicaticn of Sach a driver circuit is for driving a pixel of 
an CTganic e 1 e c t r c I umi n e s ce n t device. 

An crgaoic « 1 e c t r o - 1 umi n« s c e n t COEL) element comprises a light emittir 
g material laver sandwiched betwccB an anode layer and a cathcde layer. 
Electrically, this elcraeal operates like a diode. Opticall7: i emits 
light wheQ fcrffard biased and the inlensily cf the cmissicn increases wi 
th the forward bias curicni. It is possible to construct a display pane 
1 with a matrix cf OEL elEments fabricated on a transparent substrate an 
d with at least one c f the electrode layers being transparent. One can 
also irteirrate the driving circuit cn the same panel by using lew temper 
ature pclvnliccri thifl lilm trans istcr I^TFT) lectinolcgy. 

In a basic analog driving s c h c fE e f c r an active matrix OEL display, a m 
inimDni cf twc t r a n s i s 1 1; i s arc required per pixel (Figure l) : is for a 
ddressing the pixel and T2 is for ccDvcrling the data voltage signal itit 
0 current which drives the DEL element at a designated brightness. The ^ 
data signal is stored b> the storage capacitor Cstcrage when the pixel i 
s net addressed. Although p-channel TFTs are shcTo in the figures, the 
same principle can aisc be applied for a circuit vitl n-channel TFTs. 

There are problems associated with TFT analog circiits and OEL element 
s do not act liJtc perfect diodes. The light emitting naterial does, how 
erer, have relatively in i form characteristics. Due to the natnre of the 
TFT fabrication technique, spatial variation cl the TFT characteristics 
exists over the entire panel. One cf the most important considerations 
in a TFT analog circnit is the variation cf threshold voltage, ^V^-, fr 
om device to device. The effect cf snch variation in an OEL display, ex 
acerbated by the nco perfect diode bchanicnii is the no Q i f 0 rm pixel b 
Tightness over the display panel, which seriously affects the image qcal 
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i t y . Tlerefcfe. a built-in circuit lor c cmp c d s a l i og a dispcrsicn of Ira 
nsistcr c ha r a c t e r i s l i c S is reqiired. 

A circuit sbcTFD in fiftre 2 is proposed as obc cf buill-iD fcr tornpcDS 
atiog a variatiou of traasistcr cbaiactirislics. Iq this circuit. Tl is 

ior aidressifl? tbe pixel. 12 operates as it aoalc; ciricnt cQQtici tu 
prcTidc the drivicg current. 12 ccouccts bi'twccD the drain aod gate cf 
12 iQd t€gg[les T2 tc be either a diode or ir sittv ration. T4 acts as a s 
witch. Either TI cr T4 can be ON at anv one line. loitiaily, Tl and T3 

are OFF. aiid T4 is ON. When T4 is OFF, Tl and T3 arc ON. aod a current 

cf kocwD /aluc is allowed tc flow intu the OEL Hemeni, thrcugli 12. Ill 
is is the prcgraraniiig stage because the fhieshcld ycltaje cf 12 i« measu 
led ^lih T2 cpcratiiif as a dicde (with T3 turned ON) while the prc^rammi 
Bg curreol is allcwcil tc flciv throngh Tl, through T2 and intc the OEL el 
emeut. T3 shcits the dralo and gate cf T2 and turns T2 in to a dicde. 
The detected threshold ^cllajc cf 12 is stored by the capacitor CI ccdqc 
cted between the gale aod scarce IcrmiQaU of T2 *hen T3 and Tl aic Sftit 
chcd OFF. Then T4 is turned ON, the current is ncir provided by Vjjj^. If^ 

the slope cf the cutput characteristics »ere flat, the reprodaced curie 
nt would be the same as the prcgramned current for any threshold Tcltane 

cf T2 delected. By iiioing ON Tl, the draifl-souice voltage of T2 is po 
fled up, so a flat output characteristic will keep the reproduced carrtn 
t the same as the prcgiaunied carrcnt. Ncle that '^^'72 ^^^^^ i° figure 2 

is inagioary, not real- 

A cOQSlanl currcDt is provided, in theory, diring the active piogiammi 
ng stage, which is t2 tc t5 in the timing diagram shewn ir figure 2 . Th 
€ reprodictiun stage starts at t6. 

The circuit cf figure 2 is advantagecu? but there is ait cn-fcitg desir 
c to redice power consumption. In particular, implementation cf the cur 
r ent-scurce in the circuit cf figure 2 requires a bias voltage (Ygj.^g) i 
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vfiltage cf the transister duriog the prcgramning stage, and ST^itching me 
ans vhich contrcl the cnircnt paths, the arringemeflt being such that cne^ 
cf the cirrcDt paths dees net include the said elenieDt. 
Acccrdiog tc a second aspect cf the picsenl invcfttion there is provide 
d a driver ciicuit fcr driving a pixel cf an electrclumiDesccnt device, 
the piiel iociiding an e i e c t r 0 1 bid i n e s c e n t elcraeDt and tie circuit compri 
sing; a uansistcr connected sc as cperatively tc ccotrcl the corrent so 
ppiied to the e 1 c c t r 0 1 umi ne s c e o t cicncnt, a capacitor connected fcr stcr 
ing an operating voltage oi the transistor diiing a pr cgrammi ng stage, 1 
first switching meafts cccnected so as tc establish whco operative a cur 
rent path thrcigh the tiansistoi during the p r c g r aram i n g stage, and a sec 
ood switcfiing means connected sc as to establish when operative a curien 
t path thiongh the transistor and the electrcluraiQCSCCOt elencnt daring 
a reproduction Stage, whereio the first switching means is coiincctcd sue 
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h that the currtnt path daring Ihc p: og r amini Dg ^taj[e does net pass thrca 
fh the clecticluminesccnt cicmcnt. 

According lo a third aspcci cf the present inventico there is provided 
a driver circiit fci drhiag a pixel cf an electroliminesceot device, t 
he piiel including so e I c c t r cl urn! le s c c d t element and the circuit ccmpris 
ing; i traosisiof ccDDccted sd as opcratiiiely tc ccotrcl the cnrrent sup 
plied tc the e 1 e c l r o 1 ini i a c £ c c n t element, a capacitor connected for stcri 
Dg an cperatisg voltage cf the tiaDsistci during a prcgrantming stage, a 
first switching means ccnoected su as tc establisti when cpciative a curr 
ect path thrcugh the transistor duriri;r tfie pTcgramming stage, a sec cod S 
witching means ccnnected sc as establish when cperative a corrent pat 
h thrcugh the transistur aid the electroluminescenc elenent during a rep 
reduction stage, and a current jink, thf fir?r ?7itrhing mean? being ceo 
nectcd such that the carreDt path during the prcgraraming stage is thrcug 
h the transistor I o the c n r r e o t sink. 

According tc a fcuith aspect cf the pieseni inventico there is preside 
d a method of coQiroiling the current «npp!y t c an e I e c t r c 1 uni De s ccn t el 
einent cciaprising the steps cf prcnding a current path during a progranm 
ing stage ffhich path docs net pass thrcngh the e 1 e c t r c 1 im i n c s c e n t elemen 
t aod of prcvidlag a cuireat pach diriog a reprndDCticn stage ifhich path 
dees pass tbiGugh the e i e c t r c J am i d e s c e n t elemeTit. 
According Ic a filth aspect of the present invention there is provided 
a tnctbcd cf controlling the current Mpply tc an electrclnmiaescent ele 
meat comprising the steps of prctiding a current path during a programmi 
Df stage which path connects tc a current sink and cf pn^vidiog a cuireo 
t path doring a repr odoct i on stage which path passes through the electro 
1 sn i D e s c e n t el emen t . 

According to a sixth aspect of the present i n v e o t i o n there is p : c y i d c d 
an electrolnminesccnt display device compiisiDg cue or more driver circ 
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ased on a predetermined cuneot. 

It will be noted that accord ing tc the present iDveatLCD oc cnrrent is 

applied to the cnrrent driven element by the current ccntjclling trans! 
stcr during the picgramning stage. In accordance vith the invention in 
an « I ec t r c [ uffli ne 8 c en t device a pixel driver circuit can he implemeotcd w 
ithflut degrading the perceived image presented by the e 1 e c t r cl ami ne s c e n t 

device. ft has the benefit cf reducing the cverail power conSimplicn c 
crapared with the prior a't in which the same curient is supplied tc the 
OEL element dsring bcth the prcgranming and the repiGduction stage Fur 
Ihermcre, the ciictit can be operated frcm a Ecrmal sapply voftigc rathe 
f than requiring a high bias YClfage as in the prior ait. In effect, th 
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stage. 
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tied tc grcuod or a reference ^nltage. 
The circuit cf figure 3 operates in the prcgramming sta?e with T4 swit 
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chcd off aQd Tl and T3 switched on. T3 beinR switched cd tias the effect 
cf nakiiig T2 act as a dicde and Tl ccnaects this d i c d e tn the data curr 
ent sink. As a resalt. capacitcr CI charges [cr discharges, depeoding c 
r the vcltigc stored during the previous frame). Capacitfir Cl charges t 
c the gatc/soBfcc voltage cf transistor T2 aod thus stores the voltage ( 
VGS2, corresponding tc the data current (DAT) ffhicb will ccntrol the cui 
rent supplj tc the OEL clement during the reproduction stage. At the cd 
d of the prcgraminiog Stage. Tl and T3 are s**iicbed cff. The voltage VGS 
2 is stored cn Cl for the remainder d1 the frame period. As will be rea 
dily apparent from the circuii diagram acd this descripticn, in acccrdac 
ce ^ith the pieseot iavectioQ thcfc is do requirement fcr a bias vcltage 
tc prcYide a c n r r c d t source. That is. the supplv voltage (VDD) in figii 
le 3 is deUriu'iEed bv T2 and by the OEL element and there is no reqairera 
ent for a high voltage lo po^er a curieDt « c c r c e . The maxirnim >cllage i 
eqnired by the circuit is thus sigoificantly less than that required by 
the circuit of figarc 2, 

Ai the start cf the picgiaiamiDg stage, with 14 switched cff, it is fcu^ 
nd that the OEL clement exhibits a parasitic capacitance which discharge 
s through the device. The rale of chargiog cf Cl determines the time ta 
ken for the programiDing stage. In accordance with circuits cmbcdying th 
e present iDVeotion, the capacitance cf Cl can be fclatively small and t 
hns the charging can be very rapid. As a ccnsetiueiice, the period fcr wh 
ich AO current is applied to the OEL element by is very short ccmpare 
d with the whole frame. These factors, together with the persistence cf 
vision of the iunan eye means that thc/c is do perceptible iegradaticn 
cf a displayed image. 

The off leMStance cf T3 can be important, because after Cl has been c 
barged and T3 is switched off. the cff resistance of T3 caa affect the ? 
cltage acrcss Cl Ur the rest of the frame period. Thus, the gate/scurc 
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e capacitance cf r3 shcild preferably be small ccmparcd ^-ith CI- 

The r cprodict icD vcliage VR is applied to the gate cf transistur T4. 
Al the beginDiDg cf the reprcdncticn stafje, in the rircuil cf figure 3, 
T4 Is switched on acd TI aod Tl remain switched off. As a lesiU, T2 ac 
Ls as a cmreot scurcc with VGS2 biased by CK thns supplying curicnt tc 
the OEL element. A: the end cf the reproduction ftage 14 i« switched c 
fl. Tl aad 13 remain svitchcd cff. This completes one cycle. The diivin 
g (favefcriD is iodicated in figure 3. 

Figure 4 illustrates a second embcdiment according tc the present invc 
nticD. The circuit cf figure 4 differs from that cf figure 3 in the con 
D c c t i c D c f transistor T 3 . In the c i : c i i t c f figure 4 . T 1 is c c d n e c t c d 
tc CI through the draio/source path cf T3 . The circuit cf figure 4 i& p 
referred tc thai cf figure 3 because T3 is net in the current path durin 
g the prcgianiiDiDg; stage. Otherwise the cperaticn and effects cf the sec 
end cmbcdiraent are similar tc these cf the first embodiment. 

Figure 5 is a circuit diagram shcwia^ a number nf pixels in an active 
matrix display, vlth each pixel impleincnred in accordance with the ciicu'^ 
it cf figure 4. Tc simplifj the i 1 ] a s t r a t i c n , a mo n c c h r cue display devi 
cc is sho^D. Since the circuit is cf an active matrir, pixels on the sa 
me rcw are addressed at the Same time. Transistor T3 is responsible for 
pixel addressing, sc its source ternQinal is ccniiected tc the current da 
ta line shared bj a ccluino cf piicls. Because of this the leakage currc 
nt cf T3 should be kept tc a ninimom. This can be ensured by using a ran 
Iti'gatc structure for Tl . in addition to a nilti-gate structure* a i ig 
htlj duped drain (LDE) structure can also reduce the leakage current. 

Figure 6 is a schematic cross sectioaal vieif cf the physical implement 
iticD of the pixel driver circuit in an OEL element structure. In figii 
e 6, numeral 132 indicates a hole injection layer, nuneral 133 indicates 
an organic EL layer, and numeral 151 indicates a resist cr separating s 
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tractiirc. The sviuhing thin-film transistor 121 ard the Q-channel type 
CB r r en t - t h i n-f i Im traosistcr 122 adopt the structnTe and the prccess or 
dinarily BS«d lor a I cv-t ecperacu r« pclysiliccn thic-filni liansistui, su 
ch as arc used fci example in kQOwn ihio-filin transistcr liquid crystal 
display devices such as a up-gate stTuctnre and a fabricaticE process 
herein the maxiium temperature is 600degrces centigrade fir less. Howeve 
r. other structures asd processes are applicable. 

The fcjwaid cricQted crgaoic EL display element 131 is fcrmed by: the 
piiel electrode 115 fcrmed cf Al. the opposite electrcde 116 iormcd of I 
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ticn is shewn schematically in figure 7. The panel ccmpriscs an active 
matrix OEL element 200 with aualcgue current program pixels, an intcgiat 
ed TFT scauning driver 210 with lerel shifter, a flexible TAB tape 220. 
and in external anaUgne driver ISl 2 3 0 with an integrated RAM/c o n c i o I 1 e 
r. Of course, this is only ddc example cf the possible panel arrangcmen 
ts in which the present ioveitiun can be used. 

The structure cf the organic EL display device is net limited to the o 
ne described here. Other structures are also applicable. 

With reference fcr example to the circuit ol figure 3, it will be appr 
eciated that the inventicn provides a data current source - in this case 
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.c. IDAT iD f 


igures 3 and 4. lent 


i s t 


be 
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e n t wh 


1 C 


h f 1 uif s thi 00 




th 



e OEL elemeol. Thus the circuit cf figure 8 can be used tc reduce the 
alue of IDAT ccmpared vith the circiit cf figures 3 and 4, while raaioiai 
ninj the same curieut thrtugh the OEL elemert. LoTfering the ^alae cf fD 
AT has the advantage of enabliig the operating speed cf the circuit tc b 
e increased. Lovering the value cf IDAT also has the adyantage cf lo^cr 
ing the transmission less eiperienced across a matrix of pixels, which i 
s pirticulaily impcitaut with respect to large scale displajf paQcis. 

01 course, additicnal stages - each adding their own circuit of additi 
ooal transistors T5 and T6 ~ can he added. With tbe switching transistc 
rs T6 series ccooccted and each receiving its own gate drive signal - as 

shown in figare 9 (A,B etc) - different current values cao be selected 
tc pass through the OEL clement, resulting in different intensities of I 
[ghl output . 
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Preferably the circuits shewn is figures 3 tc 9 arc imp 1 ciDf n t c d using 
thin film trinsistcr (TTT) tcclmology, most preierably ir po 1 y s i 1 i c cn . 

The presfiDt iflventicn is parlicularly advaatajeois for use id small, m 
Chile electronic products such as mobile pIiCEcs. computers, C13 players, 
DVD players aod the like - althcugh it is ncl limiied t&cretc. 

Several electrcnic appaiatttScs using the above organic e 1 e c t r c 1 umi n e s c 
ent display device will new be described. 
<1 : MRb i I e Ccmputc r> 

An example in which the display device acccrdinf tc coe cf the abcve c 
mbcdiments is applied IG a mobile personal corapiiier will now be describe 
d. 
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Typical cameras sensitizt films based on cptical images frcm cbj'ccts. 
whereas ihe digital still camera 1 3 0 0 gcneiate? imaging signals frciii the 

optical image ol an object by photoelectric conversion using, Icr eianp 
Ic, a charge ccupled device (CCD). The digital still camera 1300 is pre 
vidcd with an OEL eiemeat lOO at the back face cf a case 1302 to perform 

display based oo the iraagiog signals ficm the CCD. Thus, the display p 
aocl 100 fuDcticns as a fiader icr display injf the cbject, A phutfl acccp 
tiDce unit 1304 iocliding cptical leases and the CCD is provided at the 
front side (behind Id the drawing) cl the case 1302. 

When a cameraman dctciralEcs the cbiect image displayed in the OEL elem 
ent panel 100 and releases the shutter, the image signals frcm the CCD a 
re traasmiited and sic red Lc memories in a circuit beard 130H. Ir the d 
ijital still camera 1300, videc signal output terminal? and inpnt/c 

it put tcimlQals 1314 for data cominunicaiicD a^e prcvided cn a side uf tb 
€ case 1 3 C 2 . As shewn 1 c the drawing, a t e 1 e v i s i c n m c n i t c r 1 4 3 0 and a p 
ersocai ccrapitcr 1440 are coanected to the videc siKral terminals 1312 a 
nd the iapnt/catpit icrmiaals 1314, respectirely, il oecessaiy, The ima^ 
ging signals stored in the mcmcries of the circiit beard 1308 are ciitput 

to [be tcloisicfl mcnitcj 1 43 0 and the perscoal computer 1440, by a giv 
cn opcratico. 

Examples cf cleclrcoic apparatuses, ether than the personal computer s 
hewn ID Fig. 10, the portable phcae shewn in Fig. 11, and the digital St 
ill camera shown in Fig. 12. iucUde OEL element television sets, vicw-f 
ittder-typc a n d mc n i t c r i n g - t y pc video tape recorders, car navigation syst 
ems. pagers, elcctroaic notebooks, pcriabte calculators, word processors 
, workstaticDS. TV telepbcncs, point-of-sales systeii (POS) terminals, in 
d devices proyided with touch panels. Of course, the abc?c OEL device c 
an be applied to display sections of these electronic apparatuses. 

The driver circiit cf the preseat invention can be disposed not only i 
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I a pixel cf a display uDit hut alsc Id a drii^er disposed otttsidf a disp 
lay n n i t 

In the abcvc, Ihu diivcr circuit cf the preseot invention has been dcs 
c r i b e d with i c f c r c d c e : c v a r i c u e d i s p ] a v devices. The application? c f t 
he driver <ircuit cf thf present invention arc mucli brcadei than jnst di 
splay devices and iaclude, fcr example, its ise with a ma g n e t c r e s i s t i v e 
XAM, a capacitaoce SCQScr, a cliarge sender, a DMA scnsci, a night visict 
camera aod many other derices. 
Figare 13 illuEtratcs the application cl the diivci circnit cf the pre 
seat i oven I ion tc a magnetic Ul. In figure 13 a magnetic liead i< iodic 
a t e d by the r e f c i c n cc MH . 

Figure 14 illustrates the a p p i j c a t i c n c f the driver circuit c f the pre 
seat infeolicD tc a na g n c t c r e s i f t i t e elemeai. In figire 11 a magnetic h 
cad is inilicated by the reference MH . and a nagQctic resistcr is indicat 
e d by the reference M. 

^n^^^ 15 illisiraie? the appiicatioo of the driver circuit cf the pre 
Sent inveiticQ a capacitance senscr or a charge sensor . In figtre 15 
a sense capacitor is indicated by the reference Cscosc. The circuit of 
figure 15 is also applicable tc ctbcr applicaticns, soch as a fiagerpri 
nt sense/ and a DNA s eo sc r . 

Figure 16 illastrates the applicaticE cf the driver circuit of the pre 
sent ioTenticn tc a oight yisicn camera. lo figure 16 a pho t c cc r du c t c ; 
is indicated by r c f r e o e c e K . 

la the erabcdiments illustrated with reference tc the abcve specific de 
scriptico the tiacsistors have been shcvn as p-channei type transistors^ 
This is not limiting of the invention. Fcr example, figure 17 is a br 
ief outline of zn alternative implementation of the circuit of figure 4, 
In figure 17 n-channel transistors are jsed threughcut the circuit, e 
xcept fci the dnvc transistor which is retained as a p cbaEael transist 



(32) 32003-22049 (P2 0 03-2A) 



0 r . 



It will be apparent tc 


p e r s u 


as S k 


i 1 1 H in I h c art that other variation 


s and mo d i f i ca t i 0 Ti ^ can b 


€ mad 


e t c 


the arrangements described i^ith respe 


z\ t c f i ^ D r e 5 3 t c 16 wit 


h c u t 


d e p a r 


ting frcm the scope of the invetticn. 


4. Brief Descripticis cl 


D r a w i 


ngs 




Figure 1 shcvs z ccnren 


t i c 0 a 


1 OEL 


elcTncDt pixel driver circuit using t 


t r a US i s t c r F , 








Figure 2 shcvs a icncvn 


curie 


D t p r 


ugrammed OEL elemcnl driver ffitk thre 


Ehcld voltage c cmpe n s a t i d 








F i ga r e 3 s hcvs a pixel 


drive 


r c i r 


cuLt accciding Id a first embodiment 


cf the prcstDt imfeoticn. 








Figure 4 sfacvs a pixel 


drive 


r c i r 


c u i t accciding to a second embcdiment 


of the preEcnt inventicn 
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Figure 6 is a schematic 
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cf a physical i mp 1 eme d t a t i c a of 


a n OEL e 1 eme o t and p i 3 e 1 


d r i V 


c r a c 


carding tu an embcdimeat cf the prese 


Bt inveDticQ, 








Figure 7 is a simpHfie 


(f p i a 


B view of an OEL display panel incorpcrati 


Eg the present inventicn, 








F i gD T c S s h ows another 


embed 


1 me Q t 


cf a pixel driver circuit accciding 


tc the present inventicn. 








Figure 9 sboffS another 


emhod 


i tne n t 


fif a pixel driver circuit according 


tc the present imfenticn, 








Figure 10 is a s chenia t i 


c V i e V of 


a mobile perscoal cumputcr ioccrporat 


iag a display device havi 


ng a 


pixel 


dri?er acccrdiog to the present invc 


D t i 0 n . 








Figure 11 is a schenati 


c M e V of 


a mobile telephone Incorporating a di 
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splay device hiving a pix?l ilrivci acccrding tc the present invention. 

Figure )2 is a sclicmatic viev» of i digital camtia iocnrporating a disp 
lay device bavinj a piicl diiver accordifig to liie present invention, 

Figaie 13 illustntcs the applicatict cf the driycr circuit cf the pre 
sent inventicn to a magDCtic R^^M, 

Figure H illustrates the application cf the driver circcit cf the pre 
seat iD/entlcD to a inagQclcicsistive clemeDi, 

Figure 15 illastraies the applicitisD cf the driver circuit cf the pre 
seat iareatlon Ic a capacitance s e D s c r cr i charge senscr, 

Figure 16 iiicstiatcs the ipplicaticn cf the driver circiit cf the jre 
sent inveDticn tc a night viEicD camera, aisd 

Flgare 17 is a brief citlinc cf an alternatiire i mp 1 ene n t a t i c n cf the c 
ircuit cf figure 4. 
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CFig. 5: 
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CFig. a 
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CFig. 151 
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ABSTRACT 

A dri^rer circuit cperaring in stages tbat ccrapiise a pjcgiammlng stage 
and a reprodicticn stajje. the circiit compiising: a pluialit^" cflrreat p 
aths each cf which passes thrcogh the circuit, a cuireni drivefl eiemeftt, 
a traftsistcr ccnnected sc as operatiTely tc ccntrt;! the curicnL supplie 
d tc the Mid element, a capacitfir ccnnected fur sLciIaEl aa cperaiiog vc 
Itage c{ the tracsistor dnrinj^ the programmiog sta;e, aod svitchin^ mean 
5 which ccQtrcl the cirrent path?, the arrargemeDt being such that coe c 
f the cirreot paths dees net include the said eleraeni. Nu current Is ap 
plied tQ the carrent driven element bj the cuirent ccotrolling traosistc 
r durittg the prcgraramicg stage and this the overall pcwei ccnsumption is 
reduced. Fe r t tc rnic r c , the circaii can be operated frun a ncrmal Supply 
ircltage rather than requiring a high bias vclrage. During the picgramm 
ing stage, the circuit uses a current sink rather than a carrcot SDurcc. 
Preferably, tlic cnrreat driven elcnent is ao e 1 ec tic 1 arai nesccnt clenien 

t . 

Rc p r c s e D t a t i T c Drawings 
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